The Hsinchu Science Park was established in Taiwan in the 1980s, replacing traditional industries with high value-added and technology-intensive industries. Taiwan has become one of the Newly-Industrialized Economies (NIEs). However, the continued expansion of high-tech enterprises in science parks requires large amounts of resources to be consumed, deteriorating the quality of the environment, for which society must pay a high cost. In this study, the input-output model was used to explore the water footprints of the Hsinchu Science Park. The study results revealed that among the six industries at the Hsinchu Science Park, the integrated circuit industry (whether in 2001, 2004, or 2006) had the lowest total water consumption per unit of output. From a water footprint perspective, compared with the other industries of the science park, the development of the integrated circuit industry has had a lower impact on the environment. Furthermore, the integrated circuit industry, precision machinery industry, and biotechnology industry have become increasingly dependent on foreign water resources to alleviate the water shortage in Taiwan. In contrast to previous studies on water consumption, this study incorporated indirect water usage into the analysis; thus, a comprehensive view of the water consumption of each industry was analyzed from a broad perspective.
Introduction
Economic development and population increases in recent decades have caused the rapid increase of fresh water consumption, which may hinder societal development. Currently, approximately one-third of the world's population is threatened by a lack of freshwater for fulfilling daily needs [1] . Furthermore, increased water scarcity in numerous regions is expected in the future because of various factors such as population growth, pollution of existing resources, climate change, and urbanization. Nearly seven billion people worldwide are predicted to encounter a water crisis by the mid-21st century.
The average annual rainfall in Taiwan is 2467 mm, which is approximately 2.6 times the world average (which is 973 mm). In addition, Taiwanese people have experienced low prices and easy access to tap water; thus, a majority of Taiwanese people consider water an infinite natural resource and lack crisis awareness regarding water resources. However, because Taiwan is a country with limited living space, a dense population, steep mountains, concentrated rainfall, and fast-running rivers, the temporal and spatial distributions of rainfall in Taiwan are extremely uneven. This uneven distribution of rainfall increases the difficulty of preserving and using water resources. The annual rainfall per capita in Taiwan is 4074 m 3 , which is lower than one-fifth of the world average (21,796 m 3 ). Based on the criteria for the amount of water available worldwide, the United Nations ranked Taiwan 18th among countries with the least water resources per capita.
Since 1960, Taiwan has transformed the labor-intensive light industries into technique-intensive high-technology and high value-added industries. After the occurrence of industrial transformation in Taiwan, the government established the Hsinchu Science Park (HSP) in 1980 to satisfy the development needs of high-technology industries. The HSP is the development base of high-technology industries, including the information, semiconductor, and foundry industries. Subsequently, the government established the Southern Taiwan Science Park (STSP) and Central Taiwan Science Park (CTSP) in 1995 and 2002, respectively. The three science parks occupy a total area of 4610 ha, forming the core area of high-technology industries in Taiwan. According to the statistics obtained by the Water Resources Agency (WRA) [2] . Executive Yuan, Taiwan, the total revenue generated from the science parks in Taiwan in 2012 was NT$2.004132 trillion, and the HSP, CTSP, and STSP, respectively, accounted for 52.83%, 16 .13%, and 31.03%. The total revenue of the science parks accounted for approximately one-seventh of the gross domestic product of Taiwan. The high production value, considerable amounts of investment, and breakthroughs in research and development contributed by the high-technology science parks have elevated the international position of Taiwan. Because of these achievements, advanced countries in Europe and North America dubbed the HSP as the Silicon Valley of Taiwan. However, as various high-technology enterprises in the science parks continue to expand their scales of production, the amount of water resources consumed increases considerably (e.g., water used during the manufacturing process, boiler water, and cooling water), thereby depleting water resources and deteriorating environmental quality, resulting in a substantial social cost [3] .
Under the wave of sustainable development, the international society began to develop tools or indicators that can evaluate sustainable development one by one. They want to reflect ecological environment really and reasonably, meanwhile analyzing resource consumption effectively and exploring the relationship among different kinds of environmental impact [4] . Generally speaking, the current evaluation indicators or measurement models of sustainable development established or developed internationally or domestically have their own features. Most of them can manage to include various aspects of sustainable development factors of society, economy, ecology and environment [5] . Among them, water scarcity has been studied by numerous researchers based on various indicators such as the Falkenmark indicator [6] , the physical and economical scarcity indicators [7] , the water poverty index [8] , and the water vulnerability index [9] . However, collecting and disseminating meaningful water-related information is complex and difficult, because corporate water accounting methods are still under development and require further refinement [10] .
The impact of human consumption on global water resources can be mapped using water footprints. The concept of water footprints was proposed and defined as "…a measure of humans' appropriation of freshwater resources" [11] . Water footprints are indicators of water use in which both water consumption and pollution are incorporated; they can also be applied for broadening water resource evaluation systems and providing water utilization information for decision-making [12] [13] [14] [15] . Several studies have focused on developing the concept of water footprints and quantifying the water footprints of a wide variety of products from a consumption perspective, on either global or national scales [16] [17] [18] [19] [20] .
Recently, several studies have used the input-output (IO) model, a top-down method, to quantify national or regional water footprints. Some of these studies have evaluated the water footprint of China [21] , especially in water deficient regions such as Zhangye City [22] and the Haihe River basin [23] . IO models have been used as an effective method for assessing the flow of resources and how environmental burdens are transferred in supply chains [24] . Thus, the IO model accurately quantifies intersectoral virtual water flows, representing both direct and indirect water inputs during industrial production processes. Extensive research has been conducted on virtual water and water footprints in recent years. Many studies have focused on the microlevel, such as the virtual water content of products or the water footprint of consumers. For example, the virtual water content of products such as coffee, tea, rice, and meat [16, 25] , and the water footprint of industrial production processes [20] have been explored. Other studies have focused on the macrolevel, such as the national water footprint or virtual water flow, and numerous case studies have been conducted in Spain, the United Kingdom, and China [21, 26, 27] . Two widely accepted methods for assessing national water footprints are the bottom-up approach, which entails considering the sum of goods and services consumed by inhabitants multiplied by their virtual water content; and the top-down approach, which involves calculating the total use of domestic water resources, plus the imported virtual water flow, minus the exported virtual flow. Furthermore, grey water footprints, which refer to water used to dilute pollutants emitted during industrial production, are often ignored because of a lack of data; therefore, the effects of environmental pollution during industrial production are ignored.
Gerbens-Leenes et al. [28] evaluated the water footprint of each unit of bioenergy and compared the water footprints of bioenergy with those of fossil and renewable energies. Their results indicated that the water footprints of bioenergy were 70-400-fold higher than those of other energies. Thus, if bioenergy is used as an alternative energy for reducing the effects of fossil energy on climate change, a substantial influence would be exerted on the water resources. Van Oel and Hoekstra [29] conducted an empirical study in the Netherlands by investigating the blue and green water footprints of paper products throughout the entire supply chain. The results revealed that according to the current paper recovery rate, the water footprints of printing and writing paper were estimated to be between 300 m 3 /ton and 2600 m 3 /ton (the specific value depends on the type and source of paper). When paper is recovered for recycling, nearly 40% of the water used in the paper-making process can be conserved, indicating that using recycled paper is extremely beneficial for reducing water footprints.
Mekonnen and Hoekstra [30] measured the water footprints of various farm animals and animal products globally and showed that the animal products worldwide require 2422 m 3 water annually. The primary factors that influence the water footprints of animal products are the feed conversion efficiency of the animal, feed composition, and origin of the feed. The type of production system used (a grazing, mixed, or industrial system) can influence these three factors.
From an Italian dietary and cultural perspective, Aldaya and Hoekstra [13] analyzed the influence of pasta and pizza Margherita on water resources based on the concept of water footprints. The results showed that the water footprints of 100 g of pasta and a 725 g pizza were 192.4 L and 1216 L, respectively, which far exceeded the household water use per capita per day in Italy (380 L). Chapagain and Hoekstra [25] found that the average global water footprint of rice from 2000 to 2004 was 1325 m 3 /ton, and that green, blue, and grey water accounted for 48%, 44%, and 8%, respectively. The water footprint concept, which is closely linked with virtual water or embedded water approaches [12] , was first introduced in 2002 as an analogy to the ecological footprint [31] . In contrast to the ecological footprint, the water footprint is a volumetric measure of water consumption and pollution. Diverse accounting perspectives have led to different water footprint categories, which may include process, product, consumer, consumer groupings, business, and geographic area, and regional water footprints [32] . Although differences exist among the various types of water footprints, the water footprint of one process could be considered a building block of all water footprint accounts [33] .
Zhao and Chen [34] applied a log-mean Divisia index (LMDI) model to evaluate agricultural water footprint in China, The results reveal that the Chinese agricultural water footprint has risen from the 94.1 Gm [36] investigated an embodied socio-economic water system using network analysis developed originally for ecological systems. This study provides a novel perspective and methodology for assessing the structure and efficiency of water utilization system with a whole perspective.
According to Hoekstra and Mekonnen [20] , water resources are subjected to the effects of industrial production and consumption activities through both consumptive use and pollution. Such effects can be local or external to the area of production, as when water-intensive commodities are traded. Several studies in the previous decade have explored alternative methodologies for quantifying virtual water transfers [37] [38] [39] [40] [41] .
Based on the aforementioned concerns and developments regarding water footprints, numerous studies have focused on calculating the water footprints of products, especially those of agricultural products. However, few studies have analyzed the water footprints in specific regions or countries. Moreover, in the regional studies available, the regions of a nation were divided by county, city, or province, and small regions such as a science park were not discussed. Water footprint analysis can determine the extent of water consumption and scarcity and represent the embedded or virtual water in imports and exports. However, the application of such a method in Taiwan is still at its early stage, especially in the science parks where water shortage is severe. Thus, conducting such a study is critical so that appropriate water management policies can be developed by considering local conditions. Therefore, the primary objective of this study was to apply a water footprint model for evaluating the sustainable development of the HSP in Taiwan. First, an IO method was used to establish the water footprint model for the HSP. Second, we used the model to analyze the historical water footprint of the six major industries in the HSP. Finally, we analyzed the empirical results. The research results are expected to be used as a reference for planning the sustainable development of science parks. For achieving these objectives, the remainder of this paper begins with an overview of previous water footprint-related studies. Details on the research methodology are provided, including an overview of the IO-based analysis framework and data collection process. Subsequently, we present the case study results and provide policy implications. Finally, we draw research conclusions and identify limitations and directions for future research.
The first contribution of this study is the generation of direct water use intensity and total water use intensity indicators for each economic sector. These critical indicators can facilitate evaluating sectoral water use efficiency and identifying sources of pressure in water resources for supporting policy decisions related to water allocation under scarcity conditions. The second contribution is the quantification of both direct and indirect water use in the economies of. This is essential for assessing how commodity supply chains that use water as an input to economic production affect water resources.
Methods
This section describes the water footprint analysis framework, some background information regarding the case study region, and data collection and preparation.
General IO Model of Production
IO analysis, which is a top-down economic technique that involves using sectoral monetary transactions data to account for the complex interdependencies of industries in modern economies, was first developed by Leontief in the 1930s [42, 43] . Based on IO tables and factor decomposition analysis, Kondo [44] found that Japanese industrial goods manufacturers depended on virtual water imports from domestic and foreign subsidiaries to strengthen their competitiveness. Extending a regional IO model enabled Guan and Hubacek [45] to analyze water pollution processes, and they found that North China receives a large amount of wastewater from consumption activities in other regions. Similar to separate analyses by Wang and Wang [22] , Guan and Hubacek [45] found that although water is scarce in North China, the region was a net virtual exporter; therefore, these studies have concluded that reducing the amount of exported agricultural products is necessary. Guan and Hubacek [45] investigated five provinces in China as case study areas to evaluate the virtual water trade between North and South China and concluded that North China, which has limited water resources, exports freshwater to other regions, whereas South China, which has abundant water resources, virtually imports water from other regions.
Chou and Lee [46] implemented input-output (IO) analysis to estimate the virtual water imported and exported among the agricultural, industrial, and service sectors of Taiwan. The analysis results showed that the virtual water in the agricultural sector of Taiwan exhibited substantial imports, whereas that in the industrial sector exhibited net exports, indicating that the virtual water trade considerably contributed to mitigating the pressure caused by the overall Taiwanese water usage and satisfying the food demand in Taiwan.
Zhang et al. [47] quantitatively evaluated the water footprint of Beijing by using an interregional input-output (IRIO) framework, although the derivation process of the IRIO table is quite complex. Feng et al. [48] and Zhao et al. [23] have applied multiregional IO models to calculate water footprints in the Yellow and Haihe River basins in China by using consumption-based approaches.
In this paper, we mainly refer to the IO method for water footprints proposed by Chou and Lee [46] . To avoid a decomposition process, we slightly revised the IO method, which entailed revising the research methodology and related equations.
The general IO model of production [42] is the foundation on which the water IO model was developed. The model portraying how the production of an economy depends on interactions between different sectors and final demand can be specified using a system of linear equations, such as Equation (1), and can be summarized as expressed in Equation (2):
where Xi is the gross output of Sector i, Yi is the final demand of Sector i, and Xij represents the inputs from Sector i to Sector j. Equation (1) is solved as two essential matrices. The first is the technical coefficient matrix:
where aij is the direct input from Sector i required to increase one monetary unit output in Sector j, and Xj is the gross output of Sector j. The second matrix is the Leontief inverse matrix:
where bij is the gross input from Sector i necessary for one monetary unit of final demand in Sector j. This matrix links the final demand and corresponding direct and indirect input.
Data Description
The data collected in this study included the following: After obtaining data from the IO tables and the water consumption statistics of various sectors, we combined the sectors according to the collected data and research requirements. When the water consumption of specific sectors cannot be obtained, we divided the water consumption data according to the ratio of output values of each sector. When water consumption data for each sector and the combined IO tables were obtained, the mixed IO tables for water resources were compiled to construct a water footprint calculation model. First, the sectors of the IO tables were combined into the 33 sectors required for this study. The elements in rows and columns corresponding to the combined sectors were added. If m sectors are to be combined into n sectors (m > n), the equation can be expressed as Equation (4).
where h, k = 1,2,…,n ; i, j = 1,2,…,m; ( 
Data Processing
In this study, water resources were divided into tap water and raw water (i.e., surface water and groundwater) based on the source. The compilation process is shown as follows:
Tap Water Consumption
There are three kinds of water data available for industrial sectors, water withdrawal, industrial water use and consumptive water use [2] . Water withdrawal is the total fresh water drawn from water sources to meet the demand for industrial production, including normal industrial production, auxiliary production and municipal use in those industries. Water withdrawal is equivalent to the concept of blue water [33] . Industrial water use is the total water used by all regional industrial production, including fresh and recycled water. Industrial water use can be regarded as the sum of water withdrawal and recycled water. If no recycled water is used, then the industrial water use equals the water withdrawal value. Consumptive water use is water that cannot be directly recycled, including water leakage and evaporated water, wastewater discharged to the local sewers, and water embedded in products. Based on the compilation method by Chou and Lee [49] and the IO tables, we compiled the tap water consumption of each sector. The data compilation method comprised three steps: (a) The tap water input value of each sector (excluding the water sector) in the domestic product trade table was used as the numerator and the overall output value of the water sector from which the tap water input value of the sector was subtracted (i.e., water loss defined in the IO tables) was used as the denominator to calculate the weighting of each sector; (b) The total tap water sold by the Taiwan Water Corporation, combined with the aforementioned weighting calculation, was used to calculate the tap water consumption for each sector; (c) The total water sold was subtracted from the total water output of the Taiwan Water Corporation, yielding the tap water consumption of the water sector (i.e., water loss).
Surface Water and Groundwater Consumption
According to a water consumption survey involving various manufacturing industries that was conducted by the WRA [2] , which evaluated the self-drawn industrial water consumption under structures of 45 sectors, we organized the 33 sectors after we allocated industrial water consumption to the corresponding 162 sectors by using the comparison table of the 49 and 162 sectors in the report of IO tables. The allocation conformed to the weighting calculated based on the proportion of the output value of a corresponding sector to the total output value of relevant sectors. For example, when we compared the electronic parts and components sector in the report with the 162 sectors proposed by the DGBAS, the sector actually consisted of electron tube, semiconductor, optoelectronic components and materials, and electronic components sectors. Thus, the proportion of the output value of each of these four sectors to that of the electronic parts and components sector was treated as the weighting for dividing the water consumption of the electronic parts and components sector proportionally to the four sectors (i.e., electron tube, semiconductor, optoelectronic components and materials, and electronic components sectors). Specifically, semiconductor and optoelectronic components and materials belong to Sectors 25 and 26 of this study, respectively, and both electron tube and electronic components belong to Sector 28 of this study.
Establishing the Water Footprint Model
Water is a primary input in economic production, and this relationship is reflected through the freshwater use coefficient of each economic sector. In our methodology, we extended the regional IO table of each state by adding a row vector of direct water use coefficients (measured in physical units). The coupling of water data to IO tables for quantifying the effects of sectoral demands throughout the supply chain is not new and has been widely applied in previous studies [45, 48, 50] .
Our application of the IO methodology involves extending regional IO tables for the states of California and Illinois to incorporate sectoral water use. This technique has been widely applied in previous studies such as Lenzen et al. [51] , Wang and Wang [22] , Zhao et al. [21] , and Blackhurst et al. [52] . In recent years, numerous hypotheses and analytical techniques have been proposed and discussed to reflect the real situation. One successful example is the quantity-value mixed IO table, which represents an alternative application of IO analysis. The quantity-value mixed design is frequently adopted in discussions related to energy issues. In this study, we used the quantity-value mixed design to explore issues related to water resources and compiled mixed IO tables for water resources for relevant analysis.
Traditional IO tables presented relevant figures in monetary values. To evaluate the virtual water flows by using IO models, researchers must include physical data of water resources in the traditional IO tables to generate a mixed IO table for water resources. The horizontal vector of the IO tables represents the value of using specific products by each sector (i.e., the value of the products produced by specific sectors available for each sector). Thus, the physical input table used for recording the usage of natural resources is attached as a horizontal vector below the traditional IO table. The IO table structure for water resources is shown in Table 2 . 
Input Coefficient of Water Resources (
The input coefficient of water resources represents the direct input amount of water resources per unit of output by sector j. This variable reflects the direct water use during the production process. If the input coefficient is large, the water consumed during the production process is large, indicating that increased water resources are required to be input for the same output value.
The input coefficient of water resources can be considered a technical indicator for various sectors to conserve water. We observed the changes in this indicator to identify whether the water conservation technique of a sector improved or deteriorated.
Based on this structure, we defined the input coefficient of water resources as Equation (5):
where hj, Wj, Xj respectively represent the input coefficient of resources, water consumption, and output by sector j. (6) where bij represents the number of products required to be purchased directly or indirectly from sector i to satisfy the final demand of a unit of product j.
IO Correlation Matrix (B)
The variable B represents the influence caused by changing a unit of final demand. However, we analyzed the direct and indirect water consumption per unit of output to identify the amount of water consumed for a unit of production output, rather than identifying the water consumption required to change a unit of final demand. Thus, the equation was revised as expressed in Equation (7).
where * ij b is the IO correlation matrix coefficient divided by the diagonal coefficient.
Water Footprint
The water footprint includes not only the direct water consumption for sector production, but also the indirect water consumption generated by intermediate input that involves purchasing products from other sectors. Thus, an expression of unit output reflects the actual water consumed per unit of output of a sector. The total water consumption of the sector can be determined by combining the unit output and the sector output value. The water footprint of sectors is defined in Equation (8):
where By placing Equation (8) into a matrix, we obtained Equation (9) as follows:
where diag (H) is the diagonal matrix of the input coefficient vector of water resources.
Water Footprint Index
The water footprint index directly reflects the water consumption of various sectors. For this index, items such as unit area, unit number of employees, and water consumption per unit product are often used. After considering the applicability of each index to analysis targets, we used the water consumption per unit of output index as the tool for analyzing the following investigation results and determining the substantial effectiveness generated by per unit of water consumption of sector in the HSP. The water consumption per unit of output refers to the amount of water consumed to produce a unit of output value during a given time, representing the ratio of total original water consumption to the total output value. This index exhibits the industrial water use efficiency of a country or a region. Generally, when the ratio of industrial water consumption to manufacturing production value decreases, the industrial water use efficiency increases, thereby positively affecting sustainable development.
Results and Discussion

Water Footprint Analysis of the Six Major Industries at the HSP
Analysis of Industrial Structures
To analyze the water footprint of the HSP, we must understand the water footprint of each sector at the HSP and the distribution of industrial structures. Thus, we compiled the historical industrial structures of the HSP (Table 3) .
In 2006, the sector that contributed the most to the revenue of the HSP was the integrated circuit sector, yielding an output value of NT$795.362 billion and accounting for 71.07% of the total revenue. The second most contributory sector was the optoelectronics sector, with an output value of NT$161.290 billion, accounting for 14.41% of the total revenue. The remaining sectors are arranged in order of revenue contribution: Computers and peripherals (9.07%), communication (4.04%), precision machinery (1.14%), and biotechnology (0.26%).
Based on these data, the integrated circuit sector was the most crucial to the HSP. Moreover, the revenue contribution of this sector continued to grow from 56. Overall, although the proportions between the internal and external water footprints to the total water footprint of HSP fluctuated in 2001, 2004, and 2006, the fluctuation was minimal. The proportion remained approximately at 50% for both internal and external water footprints. Therefore, the total water consumption requirements highly depended on the virtual water implied in foreign materials in addition to the domestic input.
An analysis by sector (Table 3) showed that the water footprint for the integrated circuit sector in 2006 was 1899.82 million tons, accounting for 61.79% of the total water footprint of the HSP, followed by optoelectronics (543.43 million tons; 17.67%), computers and peripherals (405.05 million tons; 13.17%), communication (169.03 million tons; 5.50%), precision machinery (46.77 million tons; 1.52%), and biotechnology (10.56 million tons; 0.34%).
In summation, the historical water footprints of the HSP were mainly contributed by the integrated circuit sector, followed by the computers and peripherals sector. However, the contributory proportion of the computers and peripherals sector exhibited a declining tendency and was surpassed by that of the optoelectronics sector in 2006, which demonstrated annual growth. Therefore, the water footprints resulting from the integrated circuit and optoelectronics sectors were the most influential to the HSP. Exploring the cause of this phenomenon shows a correlation with the industrial structure of the HSP. Through the analysis results, we examined the changes in the industrial and input structures of the HSP, the historical water footprints of the HSP were mainly contributed by the indirect sources, which influenced the water footprint values, and evaluated the water use characteristics of each sector in the HSP by using water footprints. The results can be used as references by management authorities for evaluating industrial development in science parks.
The Water Footprint Index
To determine the water footprint of a sector, the indirect water consumption of raw materials input by other sectors must be considered in addition to the direct water consumption input by the sector during product production. To present the results using water footprint per unit of output, this study conducted empirical analysis, yielding the water footprint per unit of output values of each sector in the HSP as shown in Table 4 . In 2006, the water footprint per unit of output in the biotechnology sector was 3.68 tons/NT$1000, where internal water footprint accounted for approximately 2.56 tons/NT$1000 (69.65% of the sector water footprint) and the external water footprint accounted for approximately 1.12 tons/NT$1000 (30.35% of the sector water footprint). The water footprint per unit of output in the computers and peripherals sector was 3.99 tons/NT$1000, of which internal and external water footprint accounted for approximately 1.31 tons/NT$1000 (32.90%) and 2.68 tons/NT$1000 (67.10%), respectively. The water footprint per unit of output in the communication sector was 3.73 tons/NT$1000, where internal and external water footprint accounted for approximately 1.05 tons/NT$1000 (28.08) and 2.69 tons/NT$1000 (71.92%), respectively. The water footprint per unit of output in the integrated circuit sector was 2.39 tons/NT$1000, where internal and external water footprint accounted for approximately 1.37 tons/NT$1000 (57.23%) and 1.02 tons/NT$1000 (42.77%), respectively. The water footprint per unit of output in the optoelectronics sector was 3.37 tons/NT$1000, where internal and external water footprint accounted for approximately 1.63 tons/NT$1000 (48.39%) and 1.74 tons/NT$1000 (51.61%), respectively. The water footprint per unit of output in the precision machinery sector was 3.65 tons/NT$1000, where internal and external water footprint accounted for approximately 1.42 tons/NT$1000 (38.90%) and 2.23 tons/NT$1000 (61.10%), respectively. The sectors ranked in descending order based on the water footprint per unit of output were computers and peripherals, communication, biotechnology, precision machinery, optoelectronics, and integrated circuits.
Based on the information provided, analyzing the sectors by year showed that the integrated circuit sector consumed the lowest amount of water per unit of output value in 2001, 2004, and 2006. Thus, from the perspective of water footprints, developing the integrated circuit sector exerts the minimum influence on the imports water resources and environment compared with the other sectors in the HSP. In addition, the water consumed per unit of output in the biotechnology and integrated circuit sectors mainly originated from domestic water resources, whereas approximately 70% of the water consumed per unit of output in the computers and peripherals and communication sectors originated from imports sources. Nonetheless, imports water resources consumed per unit of output in the integrated circuit, precision machinery, and biotechnology sectors increased annually, indicating that these sectors increasingly rely on imports water input, which positively contributes to the mitigation of water deficiency in Taiwan.
Conclusions and Recommendations
Conclusion
In this paper, we have described a new method to calculate regional water footprints values by using the IO analysis, we calculated the water footprints of the HSP and its six major industries in 2001, 2004, and 2006. The general advantages of utilizing IO to measure water footprints include standard environmental-economic accounting, systematic calculation of six major industries water footprints, and utilization of environmentally extended IO modeling techniques to identify key nodes within supply networks that are responsible for changes in the environmental performance of the economy. The IO method described in this paper provides a new approach for researchers and practitioners that the physical water footprints accounts and harmonizes the water footprints methodologies. The IO model opens the way for a new set of sustainable consumption and production analyses simultaneously among the footprint indicators.
In summation, unlike previous studies that included only internal water use when evaluating industrial water use characteristics, this study explored the water consumption of the industrial supply chain in the HSP to examine the water consumed by each sector in the HSP from a macroscopic and overall perspective. Through the analysis results, we examined the changes in the industrial and input structures of the HSP, which influenced the water footprint values, and evaluated the water use characteristics of each sector in the HSP by using water footprints. The results can be used as references by management authorities for evaluating industrial development in science parks.
Moreover, regardless of domestic or foreign literature, most studies have mainly focused on analyzing the water footprints of countries, provinces, counties, or cities. This study is the first to analyze the water footprints of a science park, thereby extending the application of water footprints. We hope this study can positively influence and contribute to enhancing water footprint knowledge and promoting relevant research topics domestically and internationally.
The 
Recommendations
Emphasizing Indirect Water Use
Previous water-conservation policies tended to emphasize direct water use and overlooked the volume of water used indirectly during production processes. Currently, water consumption based on product scale is typically measured using water footprints. In this study, water footprints based on industrial scales were examined using the IO correlation, which revealed the indirect effect and water use. The results can be used as a reference for establishing water-conservation policies.
Including Grey Water Footprint for Evaluation
Currently, the grey water footprint evaluation method remains immature. In practice, many situations are not elaborated on or discussed in The Water Footprint Assessment Manual. For example, although various pollution standards and regulations regarding bodies of water have been established in Taiwan, several deficiencies still exist, such as insufficient river classification information, failure to periodically examine factory water discharge, and incomplete water quality standards and specifications. Thus, when the grey water footprint technique matures, we recommend that future studies should incorporate grey water footprints to investigate the amount of water consumed in various industries.
Increasing the Awareness of the Government and Enterprises on Water Footprints
Industries and businesses are required to evaluate water footprints for factors such as international image, environmental protection, export competitiveness, international competitiveness, water conservation, and cost and risk reduction. We recommend that the Taiwanese government provide adequate incentives or guidance to help Taiwanese enterprises learn that evaluating water footprints is an international trend to which they should actively respond.
